
Europaisches Patentamt 

European Patent Office © Publication number: 

Office europ6en des brevets 



0 1 08 909 

A1 



© EUROPEAN PATENT APPLICATION 

® Application number: 83109893.4 © Int. CI. 3 : C 08 F 22/02, C 08 F 2/10 

© Date of filing: 04.10.83 





Priority: 06.10.82 JP 175903/82 


® 


Applicant: Kao Corporation, 14-10, Nlhonbashl 
Kayabacho 1 chome, Chuo-Ku Tokyo 103 (JP) 


® 


Date of publication of application: 23.05.84 
Bulletin 84/21 


@ 


Inventor: Fukumoto, Yasuhisa, KAO Suiken Apt 316, 
Nishihama 1450 Wakayama-sht Wakayama (JP) 
Inventor: Moriyama, Noboru, 2071, Yanazemachl, 
Utsunomiya-shl Tochlgi (JP) 


® 


Designated Contracting States: BE CH DE FR GB IT LI 
NL 


@ 


Representative: Kressin, Horst-Riidlger, Dr. et al, DIEHL 
& KRESSIN Ruggenstrasse 17, D-8000 MGnchen 19 (DE) 



@ Process for producing polymaleate. 

(§) A polymaleate having an average molecular weight of 
300 bo 5000 is obtained by polymerizing a monoalkali metal 
maleate or monoammonium maleate at 80 to 180°C in the 
presence of a polymerization initiator in an aqueous sol- 
vent. 
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PROCESS FOR PRODUCING POLY MALE ATE 



The present invention relates to a process for 
producing a polymaleats . More particularly , the 
invention relates to a process for producing a 
polviaaleate having an average molecular weight in 
a specified range in an aqueous solvent with a high 
efficiency. 

Polymaleic acid and copolymers of maleic acid 
with other monomers have been used as a dispersing 
agent and scale inhibitor. The polymaleic acid 
has been prepared in the prior art by using a peroxide 
such as benzoyl peroxide as a polymerization initiator 
in an organic solvent such as toluene or xylene. 
However, from the industrial viewpoint, an aqueous 
solvent is far preferred to an organic solvent in 
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the production of the poiymaleic acid in view of 
simplification of the production steps, reduction 
of the cost and prevention of fire hazard. Nevertheless 
there can hardly be found reports of the polymerization 
of maleate in an aqueous solvent. Only reports relat- 
ing to copolymers of maleic acid with acrylic acid 
or vinyl acetate are found. 

After intensive investigations of the polymeri- 
zation reaction of maleates in an aqueous medium 
carried out under these circumstances, the inventors 
have found that a polymaleate having an average molecula 
weight of 300 to 5000 can be produced efficiently by 
using a monoalkali metal maleate or -monoammonium maleate 
as the monomer. The present invention has been com- 
pleted on the basis of this finding. The present 
invention provides a process for producing a polymaleate 
having an average molecular weight of 300 to 5000 cha- 
racterized by polymerizing a monoalkali metal maleate 
or monoammonium maleate at 80 to 180°C in the presence 
of a polymerization initiator in an aqueous solvent. 

The process of the present invention will now be 
described in detail. First, an aqueous solution of 
maleic acid or maleic anhydride is prepared. Then, 
an aqueous solution of an alkali metal hydroxide 
such as sodium hydroxide or potassium hydroxide or 
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aqueous ammonia is added to the solution in a quantity e qi 
molar, to maleic acid or maleic anhydride or a quantity 
excess by up to 10 molar % to obtain an aqueous solu- 
tion of a monoalkali metal maleate or monoammonium 
maleate having a pH of 3 . 5 to 5 . 0 . A polymerization 
initiator preferably in an amount of 0.02 to 0.6 mol, 
particularly 0.05 to 0.4 mol, per mol of the monomer, 
is added to the aqueous solution at once or in por- 
tions. The polymerization is carried out at 80 to 
180°C, preferably 100 to 150°C. 

The concentration of the aqueous solution of 
the monoalkali metal maleate or monoammonium maleate 
used in the process of the present invention is not 
particularly limited. However, a solid concentration 
of 30 to 60 wt.% is practically preferred. Though 
the polymerization reaction time is not particularly 
limited as well, it is preferably at least 3 h, par- 
ticularly 4 to 10 h. 

As the polymerization initiator used for the poly- 
merization reaction, there may be mentioned hydroperoxides 
such as t-butyl hydroperoxide or cumene hydroperoxide; 
dialkyl peroxides such as di-t-butyl peroxide; persul- 
fates such as ammonium persulfate; redox initiators 
such as persulfate/sulf ite; and water-soluble azobis 
compounds . 
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According to the process of the prese.it invention, 
poiymaleates having an average molecular weight of 
300 to 5000 can be obtained efficiently and easily. 
Though the mechanism has not been e Luc: id a ted yet, 
it is considered that the monoalkali metal maieate 
or monoammonium maieate forms an intramolecular 
hydrogen bond in the aqueous solution to realize a 
planar structure, whereby the radical resonance 
stabilization is enhanced and the polymer izability 
is improved. 

In the process of the present invention, up to 
2 0 molar %, based on the maieate, of an unsaturated 
carboxylic acid such as acrylic acid, methacrylic acid 
or itaconic acid; an acrylic derivative such as an 
acryl amide , (me th) aery late or hydroxy (meth) aery lace ; 
or an unsaturated sulfonic acid such as s ty renesulf onic 
acid or ally Isuif onic acid may be added to the reaction 
system to produce the copolymer of the maieate with 
the unsaturated compound ef f icien^iy . 

The poiymaleates produced by the process of the 
present invention have particularly excellent dispersing 
capacity and calcium ion-upcaking capacity and they 
can be used as a scaling inhibitor, pigment disperrsant 
or builder for a detergent . 

The following examples will further illustrate 
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the present invention, which by no means limit the 
invention „ 
Example 1 

102g (1.224 mol as pare sodium hydroxide) of 48% 
aqueous sodium hydroxide solution was added to an 
aqueous solution containing 117 . 6g (1.2 mol) of 
maleic anhydride to obtain 50 wt.% aqueous solution 
of monosodium maleate. The whole quantity of the 
aqueous solution was transferred into a 500 ml auto- 
clave. Nitrogen was introduced therein under stirring 
and the temperature of the reaction system was elevated 
to 90°C. 10.13g (8.104g as pure t-butyl peroxide) of 
80% t-butyl peroxide (molecular weight: 90) was 
introduced into the reaction system as a polymeri- 
zation initiator through a sample-inlet tube- 
Thereafter, the introduction of nitrogen was stopped- 
The autoclave was closed and the temperature was 
elevated to 130 °C. The stirring was continued at 
that temperature for 2 h and the reaction system 
was cooled to 90 °C. At this time, the aqueous solution 
had a pH of 5.2 and a concentration of 3%. Hydrochloric 
acid was added to the mixture through another sample- 
inlet pipe to control the pH of the 3% aqueous solution 
to 4.1, since a pH in the range of 3.5 to 5.0 is 
preferred for accelerating the reaction. Additional 
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10.13g of 80% t-butyl hydroperoxide was introduced 
in the reaction system through the sample-inlet tube. 
The autoclave was closed and the temperature was 
elevated to 130°C. The stirring was effected at this 
temperature for 1.5 h. Then, the reaction system 
was cooled to 90°C. 5 . 4g of 80% t-butyl hydroperoxide 
was added to the mixture. The pH of the 3% aqueous 
solution was controlled to 4.12 with, hydrochloric 
acid. The temperature was elevated to 130 °C and 
the mixture was stirred at this temperature for 
1.5 h to complete the reaction. The quantity of 
the polymerization initiatoL was abour 0.23 ~ol per 
mo! of maleic anhydride. A filter aid (trade name: 
Radio lite #900) was added to the reaction mixture 
to effect filtration through a glass filter ana 
obtain 3% aqueous solution of raonosodium polymaleate 
having a solid content of 43% and a pH of 4.4. 
The polymerization rate was determined from the 
results of determination of maleic acid residue 
according to the bromine/bromide method . 

For comparison, a polymaleate was prepared 
in the same manner as above except that the quantity 
of sodium hydroxide used for the neutralization of 
the initial 50 wt.% aqueous maieate solution was 
varied. The average molecular weigh- s of tne 
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resulting polymer salts and polymerization rates 
are shown in Table 1. 

Table 1 



Average 
molecula 
weight 



Degree of neutralization Polvmeri- 
Run of maleic acid Final zation 
No. (molar ratio of maleir oh -ate 
acid/NaOH) fc < molar %) 

1 1 - 00 / 1-02 4.4 92.3 550 

2 1.00 / 2.00 H.o 64.0 

3 1.00 / 0.75 3.1 49^2 



Run No. 1 : example of the present invention 

Run Nos. 2 and 3 : comparative examples 

In the comparative examples, the average molecular 

weights were not determined, since the polymerization 

rates were low. 

The reaction in Run No. 2 was a polymerization 
reaction using di sodium maleate. The reaction in 
Run No. 3 was a copolymer ization reaction using a 
mixture of monosodium maleate and maleic acid. 
*1 Average molecular weight: The sodium sale of 

the polymer was diluted to 500 nag/100 ml (as solid) 
with deionized water. A 100 pi portion of the 
solution was taken and number-average molecular 
weight was determined according to gel permeation 
chromatography in a 0.15 M phosphate buffer 
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solution (pH 7.0) using an aqueous column 
G 4000PW/G2000SW (a product of Toyo Soda Co., 
Ltd.) at room temperature. Light absorption at 
215 nm was determined by means of Spectrophotometry 
detector SPD-1 (a product of Shimadzu Seisaku-Sho 
Co,, Ltd.). In the following examples, the average 
molecular weights were determined in the same 
manner as above. 
Example 2 

The same procedure as in Experiment No* 1 in 
Example .1 was repeated except that the concentration 
of monosodium maleate in the aqueous solution was 
varied. The results are shown in Table 2. 

Table 2 



Experi- 
ment 
No- 


Cone, of 
maleate 


monosodium 
(wt.%) 


Polymerization 
rate ■ (molar %) 


Average 

molecular 

weight 


4 


40 




90 .8 


480 


5 


30 




84. 5 


420 



Example 3 

The whole quantity of 5 0 wt.% aqueous solution of 
monosodium maleate prepared in the same manner as in 
Example 1 was charged in a 500 ml autoclave. The 
temperature of the reaction system was elevated to 
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Example 4 

An aqueous solution of 198 g {2.0 mol) of maleic 
anhydride was introduced into a one liter, four-necked 
flask provided with a stirrer, a tap funnel and a reflux 
condenser and then 170 g of a 48 % aqueous caustic soda 
solution was added thereto in order to prepare- a 50 % 
aqueous solution of monosodium maleate . A pH value of 
the obtained solution was 4.1 at a concentration, of 3 
%- The aqueous solution was heated up to 100°c while 
agitated. After that, a solution obtained by dissolving 
23,8 g of sodium persulfate in 1 50 g of 35 % aqueous 
hydrogen peroxide was added dropwise over a period of 
5 hours with a tap funnel. Thereafter the mixture was 
stirred at 100°c for further 2 hours "in order to complete 
the reaction. Then the aqueous solution was cooled down 
to a room temperature and filterated with a glass filter 
with a filter assistant a tradename of which was Radio rite 
#900. In this way, an aqueous solution of monosodium 
poiymaleate having a solid content of 39 %. A pH value 
of the solution was 5 . 2 at a concentration of 3 %. 

A polymerization rate of the example was measured 
based on quantitative determination of remaining maleic 
acid according to the bromine /bromide me choc. Results 
are shown in Table 4. 
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90 °C . 22g of 80% cumene hydroperoxide (molecular 
weight: 152) as a po lymeriza cion initiator was 
introduced in the reaction systeai through a sample- 
inlet tube. The raixture was stirred at 130 °C for 
2 h and then cooled to 90°C. The pH of the 3%. 
aqueous solution was controlled to 4.2 with hydro- 
chloric acid. Additional 2 2g of 80% cumene hydro- 
peroxide was added to the raixture. After stirring 
at 13 0 °C for 2 h, the reaction system was cooled 
to 90 °C. Additional lOg of 80% cumene hydroperoxide 
was added to the raixture and stirring was continued 
at 130 °C for 1 h to complete the reaction. The 
quantity of the polymerization initiator was about 
0.2 4 moi per mo 1 of maieic anhydride. The solvent 
for cumene hydroperoxide was stripped under vacuum. 
Water was added to the resulting residue to obtain 
an aqueous sodium polymaleate solution having a solid 
content of 40 wt . 3 . The results are shown in Table 3. 

Table 3 

Experi- Degree of neutralization Polymer i- Average 

merit of maieic acid (molar Final zation rate molecular 

No. ratio of maieic acid/NaOH) pH (molar %) weight 

6 1.00 / 1.02 4.35 91.1 610 
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Table 4 



Run oecree of neutralization final coivrrerization averace 

No. or naleic acid p g rate aolecular 

(iroj.ar ra^io of rsaleic (noi e %) weiqhc 

acia to Hs.CE) 

7 1-00/1.02 5.2 52.2 690 
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What is claimed is: 



A process for producing a pciy^ialeate having 
an average molecular weight of 300 to 5000 cha- 
racterized by polymerizing a monoalkali metal maieate 
or monoammonium maieate at 80 to 18 0 °C in the pre- 
sence of a polymerization initiator in an aqueous 
solvent. 



2. A process as claimed in Claim 1 , in which said 
monoalkali metal maieate or iuonoammonium maieate is 
used in an aqueous solution obtained by adding an 
aqueous solution of an alkali metal hydroxide or an 
aqueous ammonium to an aqueous solution of maleic 
acid or maleic anhydride in an equimolar amount or 
in a 10 percent excess, having a pH value of 3.5 to 
5.0. 

3. A process as claimed in Claim 1 or 2 , in which 
the alkali metal is sodium or potass ium. 

4. A process as claimed in one of Claims 1 to 3, in which 
hydroperoxides, dialkylperoxides , persulf atesj redox 
initiators or water soluble azobis compounds are used as* 
initiators in an amount of 0.02 to 0.6 mol per mol of the 
monomer . 
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